Objective: Owing to resident work-hour reductions and more permanent personnel in the newborn intensive care unit (NICU), we sought to determine if pediatric housestaff are missing learning opportunities in procedural training due to non-participation.
Introduction
The Pediatric Residency Review Committee currently recommends that 'residents must have sufficient training' in a variety of procedural skills, including endotracheal intubation, umbilical artery and vein catheterization, and lumbar puncture (LP). 1, 2 However, overall work-hour restrictions and limitations on intensive care rotations have made it necessary to add permanent clinical personnel, such as neonatal nurse practitioners (NNPs) and physician assistants (PAs), to augment medical coverage in the Neonatal Intensive Care Unit (NICU). 3 As a result, residents may have fewer opportunities to perform invasive neonatal procedures such as those mentioned above. 4, 5 Some medical educators have raised concerns that housestaff may not receive adequate procedural experience. [4] [5] [6] Indeed, recent studies have suggested that residents fail to develop competence or confidence in essential procedures during the course of their training. 1, 6 To the best of our knowledge, there have been no studies reporting the percentage of invasive procedures performed by pediatric housestaff versus experienced personnel in academic NICU centers. We hypothesized that pediatric housestaff are missing learning opportunities in procedural training due to nonparticipation. We also hypothesized that they are less likely to be the first to attempt procedures early in the academic year, in the smallest neonates and in emergent situations.
Methods

Study design
A prospective, observational study was performed in the NICU at Yale-New Haven Children's Hospital, New Haven, Connecticut, a 54 bed, level IIIc NICU in an academic teaching hospital. The investigation was approved by the Human Investigation Committee of the Yale University School of Medicine.
The medical teams in the NICU at Yale are integrated groups of personnel composed of pediatric housestaff, neonatology fellows, NNPs and PAs (who perform identical roles), and attending neonatologists. Pediatric interns spend 1 month in the NICU caring for moderately ill and convalescing neonates, whereas residents spend 1 month during their second year caring for critically ill neonates in the NICU, with an additional month of night-call coverage that year. Housestaff are supervised at all times by experienced personnel, including NNPs, PAs, neonatology fellows and other attending staff. All personnel complete the Neonatal Resuscitation Program at the beginning of their training. Mock drills and simulations, including intubations for all staff, are performed on a monthly basis to review basic Neonatal Resuscitation Program skills. Umbilical line placement is reviewed during the Neonatal Resuscitation Program and taught by experienced clinicians to pediatric housestaff as they rotate through the NICU. In our unit, procedures in emergent or life-threatening situations are generally accorded to the experienced staff immediately available, often a fellow, attending or experienced NNP/PA. In non-emergent situations, the policy is to allow and encourage less experienced staff to attempt a procedure under close supervision.
Definitions
An emergent procedure was defined as immediate, whereas an urgent procedure required action within 2 h. An elective procedure was planned and without strict time restraints (for example, a preoperative intubation). NICU personnel were defined as follows:
Housestaff included pediatric and medicine-pediatric interns and residents. All other NICU staff included NNPs, PAs, transport nurses, neonatology fellows and attending neonatologists. Inexperienced clinicians were defined as pediatric housestaff, first year neonatology fellows and NNPs/PAs with <1 year of NICU experience. All others were considered experienced personnel.
Data collection
During the study period, pediatric housestaff and neonatal staff were asked to complete a procedure data collection sheet (Figure 1 procedure; neonatal demographic data including weight and gestational age; circumstances necessitating the procedure; the setting and urgency of the procedure; and the presence or absence of other staff in the NICU during each attempted procedure.
Data analysis
Data were collected and imported into a separate database and analyzed using SPSS v. 15.0 (SPSS, Chicago, IL, USA). Descriptive, dichotomous data were presented as absolute numbers and percents and continuous data as the mean and one s.d. from the mean. We conducted a bivariate analysis for dichotomous data using the Fisher's Exact test for expected counts p5, and w 2 -test for counts >5. A two-sided a of 0.05 was used to establish significance.
Objective 1
To determine who is performing procedures in the Yale NICU. The proportion of first attempts at intubation, LP and umbilical catheter placement made by each personnel group was determined.
Objective 2
To determine whether pediatric housestaff were given first opportunity to attempt invasive procedures. Comparisons were made between housestaff and non-housestaff NICU personnel for each type of procedure.
Objective 3
To determine whether variability exists in the likelihood that pediatric housestaff would make the first attempt at invasive procedures by timing within the academic year, weight of the infant and urgency of the situation. As it pertains to timing, we defined two epochs: (1) epoch 1 extended from 15 July to 31 August 2008 and was chosen to represent a period in the academic year when trainees are typically less experienced, and (2) epoch 2, from 1 May to 15 June 2008, representing the end of the academic year when trainees are presumably more experienced. To evaluate the effect of the infant's weight, we dichotomized infants as those with weight <1000 g and those with weight X1000 g. We also compared the proportion of first attempts made by each personnel category for each procedure based on whether or not the situation was elective, urgent or emergent.
Objective 4
To determine the percentage of procedures attempted by non-housestaff personnel while a less experienced trainee (that is, housestaff personnel) was present on the unit, but not involved in the procedure.
Results
Between 22 April 2008 and 31 August 2008, there were 417 admissions to the NICU at Yale-New Haven Hospital. During this time, 188 procedures were performed on 109 neonates with a mean gestational age of 32.3 ± 5.7 weeks and mean weight of 2013±1048 g. Among these were 63 intubations (34%), 66 LPs (35%) and 59 umbilical lines (31%). Sedation and/or analgesia was given for 68 of 188 (36%) of procedures attempted, including 54% of intubations (34 of 63), 42% of LPs (28 of 66) and 10% of umbilical line placements (6 of 59). The number and percent of procedures stratified by personnel making the first attempt were analyzed and the data are reported in Table 1 . Experienced NNPs/ PAs comprised the highest percentage of first attempts for targeted procedures, whereas other attending staff, experienced fellows and transport nurses comprised the lowest percentages (Table 1) .
Pediatric housestaff were the first to attempt procedures 32% of the time compared with non-housestaff who initially attempted procedures 68% of the time (P<0.001) ( Table 2 ). There was no significant difference in the likelihood of housestaff making initial attempts at procedures based on infant weight: 25% in infants <1000 g versus 36% in infants X1000 g (P ¼ 0.155). There was no significant difference noted whether the situation was deemed elective, urgent or emergent. Pediatric housestaff were the first to attempt elective procedures 37% of the time, urgent procedures 33% of the time and emergent procedures 29% of the time (P ¼ 0.742). However, housestaff were less likely to be the first to attempt procedures early in the academic year when compared with the later period: 19% in epoch 1 versus 44% in epoch 2 (P ¼ 0.001). When subgroup analyses were performed for each specific procedure, similar observations were made. No statistically significant differences were noted with respect to weight or urgency of the procedure, but pediatric housestaff were significantly less Complete data were available for 75 of the 97 procedures performed by experienced personnel. Of these, 70 (93%) were performed when a less experienced resident or intern was present in the unit, but not involved in the procedure attempts. At times, housestaff were legitimately unavailable because they were off the unit, either attending mandatory conference, in clinic or home post-call. Explanations for lack of housestaff involvement while on the unit were obtained in the qualitative comments section of the data collection sheet. Common themes noted were (1) Perceived emergent situations were deemed unsuitable for an inexperienced trainee; (2) Experienced staff desired to refresh procedural skills; (3) Less experienced trainees were engaged in other clinical duties, such as attending to other patients, rounding or signing out; or (4) Experienced personnel who performed procedures simply forgot to check whether less experienced housestaff were available. Rarely, reasons given included the following: (1) Family requests that an attending or very experienced staff perform the procedure; (2) Inability to reach the housestaff; or (3) Finally, that less experienced trainees preferred to observe only.
Discussion
This study documents the percentage of neonatal procedures performed by pediatric housestaff in a tertiary academic NICU in the era of resident work-hour restrictions and a changing professional milieu. One-third of the procedures were first attempted by pediatric housestaff. This finding highlights an important trend in medical education. The addition of more permanent NICU personnel, such as NNPs and PAs, may result in fewer procedural opportunities for rotating housestaff. As opportunities to learn neonatal procedures during residency training diminish, a greater number of new fellows are relying on fellowship training to master these skills. As a result, pediatric housestaff are provided with fewer opportunities to practice procedures, thus perpetuating the cycle. 1 We hypothesized that time of academic year, urgency of situation and infant weight would be significant factors in determining who would initially attempt procedures. Although no effect was seen for infant weight or urgency, pediatric housestaff were less likely to first attempt procedures earlier in the academic year. A reluctance to involve inexperienced trainees, such as pediatric housestaff, in medical care early in the academic year may stem from the fear that it may increase patient morbidity and mortality. This belief, sometimes called the 'July phenomenon', 7, 8 exists despite evidence that morbidity and mortality remains constant over the course of the academic year, regardless of an influx of inexperienced housestaff in the summer months. 8 A number of factors may limit procedural training opportunities for pediatric housestaff. The increased involvement of NNPs, PAs and physician hospitalists in NICUs has decreased the proportion of patients, and thus procedures, assigned to housestaff. Although experienced personnel often share or 'give away' procedures, some may be reluctant to do so for several reasons. Procedures may be perceived as an enjoyable and rewarding part of the job. Experienced staff may feel the need to periodically refresh procedural skills to maintain mastery. Furthermore, it may be simply more time efficient for experienced personnel to perform procedures themselves, as integrating inexperienced housestaff into a busy NICU setting can sometimes be a difficult task. Griffith et al. 9 reported that the clinical workload of housestaff can affect decisions to perform procedures and this finding may extend to the decision to teach procedures as well; that is, the busier one is, the less likely they are to take the time to teach. In addition, appropriate delegation of available procedures may require that inexperienced clinicians be bypassed in favor of a more experienced individual. For example, an emergently needed procedure, or one that exceeds the skill level of the trainee, should be delegated to an experienced person. Data exist to support the intuitive notion that the greater the experience of the person performing an intubation, for example, the higher the rate of success. 10 The ranking physician bears the responsibility of minimizing patient risk by appropriate delegation of procedures.
11
Our findings confirmed our hypothesis that potential learning opportunities were being missed due to the lack of pediatric housestaff involvement in many procedures. During the study period, a large percentage of procedures were performed by experienced personnel without the involvement of pediatric housestaff, who were present elsewhere on the unit. These instances may represent occasions when the procedure was inappropriate for the level of experience of the trainee or when trainees were busy performing other critical duties. It seems unlikely, however, that this was true in over 90% of the cases reported. Although it may be reasonable to delegate a procedure to an experienced clinician under some of the circumstances described above, it is rarely justifiable to exclude an available trainee from assisting in or at least observing a procedure, especially when the procedure is elective or non-urgent. Educational responsibility falls both to the experienced clinician as well as to the trainee. Experienced clinicians should renew their efforts to include trainees in the performance of procedures and pediatric housestaff should take greater responsibility for their education by more active participation in appropriate level of medical procedures.
Medical educators face significant challenges as they struggle to balance patients' best interests with the education of future physicians, in addition to the maintenance of job skill and satisfaction among NNPs and PAs. In an environment of reduced time allotted to intensive care and procedural training in pediatric residency curricula, maximizing learning opportunities and achieving educational goals will require innovation and the commitment of all NICU personnel to the educational process. Conventional training methods may need to be further augmented with increased use of alternate educational training, such as mannequins, simulators, fiberoptic-assisted visualization during intubation and animal or cadaver models. 11 A collaborative relationship between medical clinician-educators and experienced neonatal staff, such as NNPs/PAs, is also essential in assuring that learning opportunities are maximized. Models incorporating NNPs as 'first-line teachers in the NICU' for first year housestaff have reported more consistent teaching content, less competition for procedures and delivery room management, greater mutual respect between the groups and an overall improved team approach to patient care. 12 However, care should be taken to not overburden NNPs/PAs with housestaff education; their collaboration does not absolve medical educators from their own teaching responsibilities. Finally, NICU personnel should make the most of all learning opportunities, and not overlook the significant educational value of simple observation, where knowledge is gained by watching the skilled performance of an emergent or difficult procedure deemed unsuitable for a less experienced trainee.
This study has certain limitations. First, the sample size is small. We also acknowledge the bias inherent in self-reported data, as well as the possibility that the very act of studying the practices in the NICU may have influenced or changed the behaviors of NICU personnel. In addition, data were collected over 4 preselected months, which may not be representative of the entire academic year. However, in selecting our survey months, we included the first 2 months and last 2 months of the academic year in an effort to gain an adequate representation of the margins of perceived and actual experience and their implications in NICU practice. Furthermore, although NICU personnel committed to completing data sheets, a number of questionnaires were incomplete, some data were missed, and we did not collect data regarding whether inexperienced personnel observed procedures that they did not personally attempt. The performance of procedures by first-year fellows without resident involvement, particularly toward the end of their first year, may sometimes represent a missed learning or teaching opportunity. Finally, we also acknowledge that educational policies and teaching practices may differ at various other academic NICUs.
Further studies may include evaluation of resident competency and confidence in procedural skills, despite limited opportunities, and ways to enhance procedural training, such as a team approach, to increase the number of opportunities available to residents and the use of regularly scheduled simulations. Subsequent investigations may also be enhanced by including multicenter data.
In conclusion, this investigation documents for the first time which specific personnel are performing the majority of medical procedures in the NICU. Pediatric housestaff were first to attempt about 1/3 of the procedures. In addition, the data suggest that although there was no significant difference in procedural attempts made by housestaff based on infant weight, housestaff were less likely to participate in procedures earlier in the year. Interestingly, and contrary to our hypothesis, housestaff were no more likely to participate in procedures deemed elective than they were in those considered emergent. In our NICU, which is probably typical among pediatric training centers, most medical procedures have been shown to be carried out without housestaff participation or observation. This need not be seen as problematic, provided the housestaff emerge from the program adequately trained. Our study did not evaluate housestaff competency, an important area for future investigation. Experience suggests, however, that many recent graduates of pediatric residency programs lack the requisite skills in newborn procedures, including those planning a career in neonatology. 1, 6 These missed learning opportunities, procedures performed by experienced clinicians without the involvement of housestaff, highlight an area for intervention to improve resident exposure to procedures. Medical educators should re-examine NICU practices with these findings in mind to optimize learning opportunities and exposure to procedures for housestaff given their decreased NICU exposure.
